ya.

/—7

» Los Alamos
NATIONAL LABORATORY
————— (37.0%4) ~

LA-UR-20-22052

Approved for public release; distribution is unlimited.

Title: Nuclear reaction studies: Transfer and Neutron-induced reactions on
medium-range nuclei.

Author(s): Georgiadou, Anastasia

Intended for: Invited Seminar at Lawrence Livermore National Laboratory

Issued: 2020-03-03




Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by Triad National Security, LLC for the National
Nuclear Security Administration of U.S. Department of Energy under contract 89233218CNA000001. By approving this article, the publisher

recognizes that the U.S. Government retains nonexclusive, royalty-free license to publish or reproduce the published form of this contribution,
or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests that the publisher identify this article as
work performed under the auspices of the U.S. Department of Energy. Los Alamos National Laboratory strongly supports academic freedom
and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its

technical correctness.



e

e LOSs Alamos

NATIONAL LABORATORY
EST.1943

Nuclear reaction studies:
Transftfer and Neutron-induced
reactions on medium-range nuclei.

Anastasia Georgiadou, P-27

LLNL Seminar 02/28/2020, A.Georgiadou, georgiadou@lanl.gov


mailto:georgiadou@lanl.gov

e

Why nuclear physics? « Los Alamos

NATIONAL LABORATORY
EST.1943

“What we do is understanding nature.

Understanding our origin and how matter forms”
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Proton-Drip line
proton radioactivity
astrophysics

N=Z. line
Spin triplet superconductivity (T=0 pairing)
Shell evolution

N:50 N:82..’

Terra-Incognita
New nuclei
New Applications

1 Z:50
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Neutron rich isotopes

New shell structure

Pairing at low density

Robustness of existing shell closures

N (number of neutrons)
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Los Alamos Neutron Science Center

56Ni(p,d),(d,t),(d,a) BT & 54,56Fe(n,p),(n,a)

e One nucleon transfer N ‘ M .\ Low Energy Neutron-
| induced Charged-

e Two-nucleon transfer N D L. particle (Z) Chamber
: | LENZ
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Los Alamos Neutron Science Center
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e One nucleon transfer 4 IR \E& .} Low Energy Neutron-
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NESTER Group

MUST?2 Team: Yorick Blumenfeld, Didier
Baumel,Marléne Assié, A.G, Benjamin LeCrom,
Jacques Guillot, Freddy Flavigny, Laura Grassi

External Collaboration: Augusto Machiavelli
(Lawrence Berkeley National Laboratory)

—— Staff Scientist

Post-Doc
— PhD Student
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The one-nucleon transfer reactions
N=28 Shell closure

The two-nucleon transfer reaction
NP-Pairing in N-Z nuclei
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The one-nucleon transfer reactions
- N=28 Shell closure

X
‘5‘:" ¢d

The two-nucleon transfer reaction
NP-Pairing in N-Z nuclei
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Transfer reactions play major role in our

understanding of the nuclear elementary modes of

excitation, particularly in the characterization of the d
single particle degrees of freedom and their \
correlations. 56Ni ‘

&,

Single particle transfer reactions such as ® neutrons ® protons
(d,t) and (p,d) give information about the
N=27 isotones.

Extraction of the neutron Spectroscopic Factor (SF), is a
measure of the overlap between the initial and final state.

S, — / (T |l [ w gy
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® neutrons @ protons
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Y. Uozumi et al. / Nuclear Physics A576 (1994) 123-137
2p 3/2 2p 3/2 - 2p
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*The experiment “e644” was performed at GANIL, CAEN at Spring 2014.

SPIRAL

Primary beam : °°Ni at 74,5 MeV/v

Rotating target (CLIM) : °Be (1 mm)
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Primary beam : °°Ni at 74,5 MeV/v

Rotating target (CLIM) : °Be (1 mm)

VAMOS
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Fragment selection:
1. magnetic dipole: selection according to Bp

2. achromatic degrader (Berilium) combined
with a second magnetic dipole

3. Wien Filter: Velocity selection

Secondary beam :

5)

SNi (30 MeV/u ) 10° pps 68%

« Los Alamos

NATIONAL LABORATORY

EST.1943

Velocity selection

|

Selection according to magnetic rigidity ‘

IdentificationinA & Z

/

LISE3 separator at GANIL

51Cr

3000 4000 5000 6000 7000 8000

ToF (a.u.)
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Secondary beam :

96N (30 MeV/u ) 10° pps 68%

The RF-CAT'S time of flight spectrum:
measurement between the cyclotron radio
frequency and the first beam tracking
device of the set-up

Y Y Y Y Y
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Velocity selection

|

Selection according to magnetic rigidity ‘
Identificationin A& Z

/

LISE3 separator at GANIL

)

1000

2000 2500 3000

1500

ToF CATS1-RF Channel
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Velocity selection

|

Selection according to magnetic rigidity ‘
Identificationin A& Z

/

LISE3 separator at GANIL
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S Experimental Set-Up JPN

INSTITUT DE PHYSIQUE NUCLEAIRE
ORSAY

Reaction Targets: CH2 (6.9mg/cm?),
CD2 Tmg/cm?
12C (1.2mg/cm?)

One nucleon transfer Two nucleon transfer

Ni(p,d)»Ni seNi(p,3He)54Co

*Analysis Performed by B. Le Crom

*°Ni(d, t)>°Ni 56Ni(d,a)54Co

56Ni(d,p)>"Ni

Thesis Defense 27/09/2018, A.Georgiadou, georgiadou@ipno.in2p3.fr
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The reaction Kinematics

TIARA: BARREL TIARA: HYBALL

» ' [
» . N L]
'

| 56Ni(d,a)54Co
 56Ni(dl,t)55Ni

: s6Ni(d,p)57Ni
i 5Ni(d,d)seNi
— 56Ni(p,d)55Ni

Ground $tates

II|IIII|IIII|IIII|IIII|IIII|IIII|
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60 80
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4-EXOGAM
CLOVERS
(Germanium)
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*[l1lustration by Emmanuel Rindel
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DSSSD 128+128
300pm
16 Csl
4cm
ASICs
16 channels
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DSSSD 128+128
300pm
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HYBALL

6 individual wedge-shaped
DSSSD

Thickness: 400 pm

* Active surface segmented in
16 rings of 40keV resolution
8 sectors of 70keV
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TTARATUST

BARREL prs
Thickness: 400 pm /

8 resistive charge oo | IS
division detectors

4 longitudinal resistive
strips DSSSD 128+128

300pm

Energy Resolution: 140 keV
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4 Germanium

Clovers
3keV nominal resolution

8% efficiency at 1IMeV

After Doppler Correction
~ 80 keV Resolution

| Add-back conditions

* Two events maximum

* No diagonal crystals
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/
4

TIARAINU

Anode: 71 wires connected,
10 micron diameter
Time signal

Active area 70 mmx70 mm

Cathode :28 evaporated
strips, 2.34 mm wide
Charge signal
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& ®ata Anal ysis-Mask reconstruction Los Alamos
@

Mask reconstruction on CATS1 before alignment
Y (mm) 40

30

20

10

0
-10

TARGET

-30 -20 -10 0 10 20 30 40

Mask reconstruction on CATS1 after alignment Mask reconstruction on the target position.
Y(mm) 40

30

20

10

0

-10

-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20
X(mm)
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Contaminants
and Beam on
& _ Frame
e TR A el e AR R I
10 20
X(mm)

Beam reconstruction on the target position without ToF-HF condition.
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275 I

PID-ToF in the MUST?2 Telescope 2
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275

PID-ToF in the MUST?2 Telescope 2
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PID-AE vs E in the two layers of MUST2

-275
15

PID-ToF in the MUST?2 Telescope 2

AZ*?
E

AFE ~
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The reaction Kinematics

MUST?2

56N1i(d,t)55Ni
(1st excited state)
56Ni(p,d)55Ni

(1st excited state)
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CATS+MUST2

3.19 MeV
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Corrected
CHC®Ni2H)°Ni
E/A=37 MeV

MCP + HiRA+ S800
——— 3.19 MeV
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ATS+MUST2
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— 3.19 MeV
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ATS+MUST2
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Particle-y coincidence is used to:
- Identify the populated states
* Get the relative ratios of the transitions

(p,d): v-deuteron coincidence
(d,t): y-triton coincidence

1.5<Ex<4.5

thy

a
\

| 500 I1000 I1500 I2000 I2500
Doppler Corrected /Efficiency Corrected Energy

|.1HH

E(keV)S000
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$6Ni(p,d)55Ni

y-triton
coincidence

S
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2

o
N
%
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Counts/~30KeV

\@ 56Nii(d, )N
\\6
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y—deuteir'on
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1 WW

| | | | | 1 | | I lg | 1 | | | | | l | nl | | I |

500 1000 1500 2000 2500

SP>Xd>C'1

5 5Ni27 *this work

IEI_I_A_

B Y

- Populated States : 2089 keV, 3185 keV, 3617 keV

Counts/~30KeV

- Transfer reactions favour y-transition to states with

single particle character

- State 3617 populated and assigned to spin 3/2+
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Ground State
E1=2.1MeV
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The excitation energy spectra in different angle range in the centre of mass——— est.1943

Ground State
E1=2.1MeV

Excitation Energy

E2~3.5 MeV
SUM

IIIIIIIIIIIIIIIIIII]IIIII

Excitation Energy

=
[O)
X
o
o
™
~~
2
C
2
o
O

Counts/300KeV

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Excitation Energy

Gaussian Fit Drawing
Mean: The energy level known from

NNDC and observed in this experiment

Sigma: The sigma of the Ground State

- J L ﬂﬂﬁﬂﬁ - Amplitude: Limited of the y transitions

-2 0 2 4 6 8 10
Excitation Enerav (MeV)

ulIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

and the population of the states.
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g.S.
3.185 MeV +3.617 MeV

2.089 MeV

g.S.

3.185 MeV + 3.617 MeV
[ 2.089 MeV

IIII|IIII|IIII|IIII|IIII|IIII 1 ||||||||||||||||III|III|III|III|III|III
10 20 30 40 50 60 2 4 6 8 10 12 14 16 18 20
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f7/2

SF=5.4 £ 0.05 £7/2

SF=5.8 £ 0.1

251/2 + d3/2
SF(251/2)=0.20+0.04
SF(d3/2)= 1.07 = 0.21

%

SF(2s1/2)= 2.0 = 0.02
SF(d3/2)= 1.8 + 0.2

2s1/2 + d3/2

IIIIII|

2p3/2
2p3/2
SF=0.102 + 0.01 % SF=0.018 = 0.002

10-3 v b b b P P 10-3||||||||||||11||||1|11|||1|||11||||||||
0 10 20 30 40 50 60 2 4 6 8 10 12 14 16 18

ThetaCM ThetaCM

Calculation with DWBA: A.Georgiadou, J.Guillot

— — — Potential for t used by Pang et al. PRC, 79:024615, 2009.
Potential for d used by Daehnik et al. PRC, 21:2253-2274, Jun 1980.
Potential for p used by R.L. Varner, Physics Reports, 201(2):57 — 119, 1991.

I
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f7/2

| SF=5.4+0.05 £7/2
SF=5.8 + 0.1

251/2 + d3/2
SF(251/2)=0.20+0.04
SF(d3/2)= 1.07 = 0.21

IIIIIII

il
il

lllllll
3

2s1/2 + d3/2 %
SF(2s1/2)= 2.0 + 0.02
SF(d3/2)=1.8 £ 0.2

2p3/2
t

2p3/2 SF=0.018 + 0.002

SF=0.102 = 0.01

||||||||||||||||||||||||||||| III|II||IIIIIII|I|IIIIIIIIIIIIIIIII'III

0 10 20 30 40 50 60 2 4 6 8 10 12 14 16 18
ThetaCM ThetaCM

State | Eep SF&) SF S SH1] SFsm1

1fy2 | 0.0 54+10 58+12 6.7+0.7 6.75
- E (MeV): Energy levels 2Py2 21 | 0.10+0.2 0.20+0004 0.19+0.03 0.13
- SF: Spectroscopic Factor 2512 32 <0:04 02008 1002 Lo/
dy; | 3617 | 18+04  107+021 - 2.88

[1 ] A. Sanetullaev et al. / Physics Letters B 736 (2014) 137-141

10°®
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Shell evolution of N=28

R=cexp/cth
oo

Zg « For the nuclei with shell closures at Z= 20
7 _ e ap, (47Ca) and Z = 28 ( ©9Ni) we observe higher
o T SFS (i\
6 1/2+
)
5 (E’N I 51N I 52N | 53N I 54N] 55N E6N]
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The Figure shows the spectroscopic factors for | ;
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Fermi surface of 56Ni

O K.E. Rehm et al. Phys. Rev. Lett.,
80:676-679, Jan 1998

® 'This work
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Y. Uozumi et al. / Nuclear Physics A576 (1994) 123-137

Fermi surface of 56Ni

-h

O K.E. Rehm et al. Phys. Rev. Lett.,
80:676-679, Jan 1998

® 'This work

®
&

==

Occupation probability

w2
—
3
S
=)
Z.
g
R
~
S
=
Q
Q
o

Occupation probability

l O
—
o

15
Energy(MeV)

5
Diffuseness Factor (MeV) Energy (MeV)

2.1+0.4
1.7
0.59

N=28 shell closure not as
robust as in other doubly
magic nuclei.
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High resolution silicon detector at backward angles plus higher efficiency
gamma detection will allow the disentanglement of the excitation energy states.

Fermi surface of 56N1i

AGATA+MUGAST

O K.E. Rehm et al. Phys. Rev. Lett.,
80:676-679, Jan 1998

® This work

Occupation Numbers

T

l o
—h
o

*Illustration by Emmanuel Rindel

*L.O.I., F.Flavigny - 7 - 7 Energy(MeV)
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The one-nucleon transfer reactions
N=28 Shell closure

The two-nucleon transfer reaction
NP-Pairing in N=Z nuclei
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Isovector
T=1, J=0, S=0

Isoscalar
T=0, J=1, S=1

® neutrons ® protons

« Los Alamos

NATIONAL LABORATORY
EST.1943

T=1 np pairing similar to nn and pp pairing
due to charge independence.

T=0 pairing characteristics are largely
unknown.

In the T=0 channel the interaction is
expected to be stronger than in the T=1.

Proof: the existence of the bound A=2
nucleus (deuteron).
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Expected np pairing to be important in N=2 AV,,=1/4[B(N,Z

nuclei with high J valence.56Ni : the N=Z nucleus

« Los Alamos

NATIONAL LABORATORY
EST.1943

Z2)-B(N,Z-2)-B(N-2,2)+B(N-2,Z-2)]

T

for which we can do transfer and study np
pairing

-NzZ

« For nuclei with NZZ, nn and pp
pairs are favoured.

:
Ip shell

« In the case of nuclei with N=Z, n

PR S S S

T rrTTT T ™

e
. ‘allll"|*
. "'. |
o 3

—

N=Z

IO Wwoda) pardepe

and p occupy the same shell

model orbit. 10

Double binding energy difference (MeV)

20 30 40

Proton Number

* np pairing mostly in N=Z nuclei

* np pairing affected by shell effects
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Schematic diagram depicting the behaviour of the 2-neutron transfer cross-sections.

adapted from Frauendorf & Macchiavelli Proq. in Part. and Nucl. Phys. 78 (2014) 24

Superfluids

O (Ag— A+2y)
N ~ (A/G)?

Vibrations

o ~(n+1)

Single

Particle A

(]

Closed shell Closed shell

Cross section sensitive to the number of pairs in the nucleus.




Schematic diagram depicting the behaviour of the 2-neutron transfer cross-sections.

adapted from Frauendorf & Macchiavelli Prog. in Part. and Nucl. Phys. 78 (2014) 24

Superfluids

O (Ag— A+2,)
N ~ (A/G)?

Vibrations

o ~(n+1)

Single

Particle A

(o]

Closed shell Mid shell Closed shell

e “Normal” nuclei limit + “Superfluid” limit

e Vibrational-like spectrum * Rotational-like spectrum for

. . even-N neighbors
e Enhancement small relative to the single &

particle (SP) limit + Constant enhancement according to SP limit




® neu tron-proton pairing

o (0+)/o (1+) gives the relative strength
of T=1/T=0 pairing

J=1*T=0
Ap
J=0*,T=0 J=0*,T=1

even-even odd-odd

L=0 transfer

Schematic diagram depicting the use of two-
particle transfer (np) reactions to study np
correlations.

Deuteron transfer reaction:
Frobrich (Phys. Lett. 1971) -> 2.5 enhancement factor in the cross section over the single

particle estimate
Piet Van Isacker PRL (2005) -> Transfer proportional to the number of bosons=pairs




sd Shell
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single particle limit

'lglllllllllllilllll
1075 30 40 50

A

closed shells closed shells

Experimental data
Y. Ayyad et al. PRC 96, 021303(2017)
Single particle estimate

Isovector superfluid limit

Parabolic shape

o (0+)/o (1+) gives the relative strength
of T=1/T=0 pairing

J=1*T=0
Ap

J=0*T=0 J=0*T=1
even-even odd-odd

L=0 transfer

Schematic diagram depicting the use of two-
particle transfer (np) reactions to study np
correlations.

sd shell systematic

* from literature & ENSDF
« max of cross-section at the lowest angle
 measured in different energies, no error bars

* new measurements by Y. Ayyad, J. Lee, et al. PRC 96,
021303@ (2017)
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*B. Le Crom, Thesis,Université Paris-Saclay, 2016.
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52Fe +

56Ni :

fo Shell

(p,3He) transfer

d transfer (d%
0+, T=0

56Ni 54CO

1821 keV, 3+, T=0
1445 keV, 2*, T=1
936 keV, 1+, T=0  (?)

197keV 7+, T=0 (isomegjc)
e 58

10"

closed shells closed shells

56Ni (d,a) 54Co, AT=0

Goals of the (d,a) analysis:

« Does this isomeric state contribute?

* Angular distribution of T=0 state
at 0.936MeV




Data Analysis

Simulation Experiment
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Particle-y coincidence for the (d,a) reaction
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&

=—E 2 20 :
P o

12C Target

v ] | IS Ee ey | I e ] | Ak | IFrgsEr gl

-6 -4 -2 0 2 4 6 8 10

Illl!ll||||l||||||l||[||||I||||||I|—0—|III!IIII!IIIII|IIII|IIII|IIII|IIII|I
. L

[ I E! § VIR B | R
2000 2500 3000

Excitation Energy (MeV) Energy (keV)




Results & Discussion

— CD - 12C Upper Limit Cross Section
Otot (1+) <3 yb
smaller than what (p,3He) measures

otot (1t) = 11,5 ub

6 -4 -2 0 2 4 6 8 10
Excitation Energy (MeV) 54Co

No peak structure revealing an isomeric state, confirming the ratio

T=1
T—0 6.3 *2-8 45 obtained from (p,3He) for 56Ni

Submitted in PRL, "Pair transfer as a probe of neutron proton pairing in unstable fp-shell nuclei" B. Le Crom,
M. Assié, Y. Blumenfeld, J. Guillot, M-C. Delattre, N. De Seréville, S. Franchoo, A. Georgiadou, F. Hammache, P.
Morfouace, L. Perrot, I. Stefan, and D. Suzuki.




Conclusions

One-nucleon Transfer

The analysis of the (d,t) & (p,d) reaction adds information on the level
scheme of 55Ni

The shell closure in the N=28 region showing a large SF for the f7/2
and a smooth Fermi surface comparable with the one of 40Ca.

Two-nucleon Transfer

While the angular distribution for the first J=1+,T=0 was not extracted we
got the upper limit in the cross section.

T=1

no isomeric state contributing, this confirms the ratio T—0

obtained from (p,3He) for 56Ni
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N
LANSCE—-

Los Alamos Neutron Science Center

56Ni(p,d),(d,t),(d,a) BT & 54,56Fe(n,p),(n,a)

e One nucleon transfer ’ R ) .} Low Energy Neutron-
; induced Charged-

e Two-nucleon transfer N 5N \ "L particle (Z) Chamber
' LENZ
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P-27 Group

LENZ Group: Hye Young Lee, Lukas Zavorka, Brad
DiGiovine, A.G., Sean Kuvin, Daniel Votaw

T2 Collaboration: Toshihiko Kawano, Mike Herman

External Collaboration: Hyeong Il Kim (KAERI Korea),
Georgios Perdikakis(CMU), Peli Tsintari (CMU)

—— Staff Scientist

— Post-Doc
— PhD Student
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Structural materials cross sections input for JLos Alamos
statistical models... NATIONAL LABORATORY

EST.1943

Structural materials used in application where radiation damage may occur.

Location of the nuclear power-plants in the world

There are a lot of cases where the reaction cross section of the medium mass range
isotopes derive from the statistical models such as the Hauser-Feshbach (HF)
formalism

While HF in general provides a reasonable estimate, one often has to re-scale the
calculated cross section to the available experimental data, to meet the precision
needed in cases such as reactor design.
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Structural materials cross sections input for

statistical models...

« Los Alamos

NATIONAL LABORATORY
EST.1943

Better understanding of nuclear input parameters is one of the key improvements
in the HF modeling, since there are sparse data sets available for many nuclear

reactions.

0.10

\ *
Evaluated Cross-section for Fe Previous measurements on 54Fe(n,a) *
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4 4 1985,Fan
1991,A.Ercan
1985,8.M.Bahal

<{- -1~ 2015,Zhimin

-4 4 1987,LR.Greenwood @ ® 1996,).W.Meadows

4 & 1997,Yu.M.Gledenov
1961,H.Pollehn

— JEFF-3.2
¢ ENDF/B-VIII.b5
ENDF/B-VII.1
JENDL-4.0

4 6 8 10 12 14 16 18
Incident Neutron Energy [MeV]

10 12 14 16

Incident Neutron Energy [MeV]

*Courtesy A.Long

Our effort is to supply this missing information of the angular distributions,
especially for the charged particles, to the current ENDF/B-VIII.O library!!!
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Angular distribution shape according to angle and energy

En= 5.0 MeV

0.0045 4

0.00404

0.00354 = (N,Po)enor (N,P2)eresent
= (N,P0)rresent == (n,p3)enos

==+ (Nn,p1)enor =+= (N,p1)eresent

10 MeV

10 MeV

9 MeV 0.00304

8 MeV

9 MeV

0.00254 * (N.P1)eresent (N.Peon)enor

(n.p2)enor w—c(N,Pcon)Present

do/dQ(b/sr)

8 MeV

TWUT T VNS PV T U T LT W R S

7 MeV

7 MeV 0.0020

el & MeV

— e —— 0.00154
5 MeV 5 MeV

60 90 120 150 ' 30 60 90 120 150 0.00104

C.M. Angle [deg] C.M. Angle [deg] 0 80 100 120
Ang. (deg)

Figure 1: Normalized angular distributions of (a) proton Figure 2: Angular distributions for discrete levels of (n,p)

reaction in the Lab system are compared to those of for **Fe.
Most of the distributions of new evaluations are 90-degree
symmetric in the center-of-mass system while those of ENDF/B
VIII are isotropic.

and (b) a-particle for the neutron-induced reaction on 48Ti.
For better visibility, the angular distributions at different
incident energies are shifted by 0.5.

Submitted in NIM A “New Evaluation on Angular Distributions and Energy Spectra for Neutron-Induced Charged-
Particle Measurements” H.I. Kim, H.Y. Lee, A. Georgiadou, S.A. Kuvin, L. Zavorka, T. Kawano ,M.W. Herman
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Neutron Flux at the 15R flight path

Sweeper magnets located after the shutter and the last
collimator in the flight path to deflect charged particles
generated from:

 the spallation neutron target

e along the flightpath in beam collimation materials.

—

o
~
oy

Implementation of state-of-the-art waveform digitizers

enhance the power of the experimental system :

e separating and identifying different charged particles,

e obtaining improved timing- and energy- resolutions,
processing high data rates.

©

Neutrons / MeV / cm2 / sec
3 =)

En(MeV)
~ PARGET 4 2 y BLUEROOM
EAST PORT f: Li = .
IRRADIATION —— i}~ B k
FACILITY = —_—

.

3bL

Flight Path Length= 1413w
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Charged-particle (Z) Chamber) « Los Alamos

NATIONAL LABORATORY
EST.1943

LENZ (Low Energy Neutron-induced Charged-particle (Z) Chamber)

DSSD: S1 Micron Detectors
From 65pm-1500pum thick

Energy Resolution: ~40KeV
Efficiency ~90%
3-a source
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LENZ (Low Energy Neutron-induced Charged-particle (Z) Chamber)

LENZ

54Fe’56Fe
09/2019

‘W N

Pulse Shape Discrimination

Also-LENZ |

54Fe, 56Fe
06/2018
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54Fe(n,p) Reaction Study

« Los Alamos
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Comparing the Total CrossSection with already existing data

54Fe(n,ptot)54Mn:
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54Fe(n,p) Reaction Study

Looking at the discrete levels...

Particle E vs Neutron TOF
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0.000
0.055
0.156
0.368
0.408
0.839
1.009
1.073
1.137
1.375
1.392
1.454
1.461
1.508
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54Mn Level Scheme*
ELevels(MeV) Qvalue(MeV)

0.085
0.032
-0.071
-0.283
-0.323
-0.754
-0.924
-0.988
-1.052
-1.290
-1.307
-1.369
-1.376
-1.423

*from NNDC
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First Approach on the data analysis
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54Fe(n,p) Reaction Study

Looking at the discrete levels...

Experiment

Particle E vs Neutron TOF
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Simulation

Particle E vs Neutron TOF

25 50 7.5 10.0 12.5 150 17.5 20.0
Charged-particle energy (MeV)

*MCNP6 calculations: L.Zavorka

LLNL Seminar 02/28/2020, A.Georgiadou, georgiadou@lanl.gov


mailto:georgiadou@lanl.gov

54Fe(n,p) Reaction Study « Los Alamos
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Looking at the discrete levels...

Experiment Simulation

Energy: 25, Rings=5 -8

Counts/10keV
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Backward Angles

En=3.0-4.0 MeV En=4.0-5.0 MeV En=5.0-6.0 MeV
0.02r 0.02; 0.02r

e 54fe(N,p2) i e 54fe(n,p2) i e 54fe(N,p2)

§0.018f £0.018] 0.018}

S
~@= 54fe(n,p0) - ~@= 54fe(n,p0) = - ~@= 54fe(n,p0)
0.016} - exp: (n,po1) 0.016} - exp: (n,po1) 0.016} - exp: (n,po1)

B == exp: (n,p2) i = exp: (n,p2) i == exp: (n,p2)
0.014f 0.014} 0.014f

aPreliminary iminary “Preliminary

0.012} 0.012

0.01} 0.01

0.01}

0.008f 0.008} QOOB%'
0.006( -+— | -+-_+_ 0.006f 0.006( +

=
=
=

0.004f 0.004} 0.004f

0002:_—-5_._-_*_.#___ 0002_ 0002_— S
i —_—— —h— i 5
| FETRE YRR SN NI AR ETA FETNA SRR R A RN AU N1 11111111#11m1m||#1|111111111[1 nllllllllllllllillld-*'-rh#llllllllllll

12012513013514014515015516f  12012513013514014515015516f  120125130135140145150 155 16¢

S S—

Evaluations from Dr. Hyeong Il Kim
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En=3.0-4.0 MeV En=4.0-5.0 MeV
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With the analysis of already taken data we will cover a wider angular range

Campaign of experiments studying these structural material:5860Ni, 56Fe (n,p)
and (n,a)

Aiming to supply this missing information of the angular distributions,
especially for the charged particles, to the current ENDF/B-VIII.O library

Experiments with radioactive samples in the near future: 56:59Ni.
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Proposal RunCycle2020-
Particle-y coincidences

Properties
Energy Resolution @
662KeV

Photoelectron yield
[% of Nal(TI)] (for y-rays)

Wavelength of emission
max [nm]

Primary decay time [us]

Light yield
[photons/keVy]

Refractive index @
emission max.

54Fe(n,p)54Mn

E(level) E(y)
(keV) (keV)

0.0

Enhanced
LaBrS (Ce+Sr)

2.2%
>190

385
0.025

73

56Fe(n,p)36Mn

E(level) E(y)

(keV) (keV)
0.0

26.6045 13 .6043
110.5041 18 .8990

.505 4

212.026 5 017 &
215.1282 24 .6234 20

.524
.134

.502
.540

.90 3
.961 4
.395 10
.990 25

.348 4
.36 10
.30 6

.320 20
.175 9
.28 3
.71 5
.74 8
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54Fe(n,a)51Cr
E(level) E(y)
(keV)
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5-9 October 2020

Athens, Greece
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Thank you!
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